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Method For Transmission Of Data Between A Master Station And A Slave 
Station, And A Data Transmission System 

Cross Reference to Related Application 

[0001] This application is a continuation of copending International 

Application No. PCT/DE02/02377 filed July 1, 2002 which designates the United 
States, and claims priority to German application no. 101 39 342.3 filed August 10, 
2001. 

Technical Field of the Invention 

[0002] The present invention relates to a method in particular for wire-free 

transmission of data between a master station and a slave station, and to a data 
transmission system which has a master station and at least one slave station, between 
which data is interchanged, in particular by radio. 

Description of the Related Art 

[0003] Data transmission systems in which data is interchanged without wires 

over short distances of only a few meters between a master station and slave stations 
are referred to as pico networks. The frequencies which are available for data 
transmission in pico networks are gathered by the ISM frequency bands (industrial, 
scientific and medical). The ISM frequency bands are reserved for the radio-oriented 
use of a low transmission power, without any licensing. Pico networks which are 
based on the Bluetooth standard are known, which have a master station and a number 
of slave stations, with a number of slave stations being restricted to a maximum of 
seven active slave stations. 

[0004] Data transmission from the master station to the slave stations is 

referred to as the downlink. The opposite case, of data transmission from the slave 
stations to the master station, is referred to as the uplink. Time slot methods are 
normally used for data transmission. In the case of time slot methods, time slots with a 
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specific time duration are assigned to the downlinks and uplinks. The TDMA method 
(Time Division Multiple Access) is frequently used as a multiple access method for 
the time slot method, and the TDD method (Time Division Duplex) is used as a 
duplex method to form a bi-directional channel between the master station and the 
slave stations. 

[0005] When a Bluetooth connection is in existence, there is always a fixed 

time interval within which a data burst is sent from the master station to a slave station 
at least once. This makes it possible for the slave station to send its payload data, or at 
least confirmation information that the data burst has been received, as a response data 
burst to the master station. This fixed time interval is the same for all of the slave 
station operating modes, and is referred to as the poll interval. The fact that a slave 
station which is in an active state responds at least once in each poll interval 
guarantees a minimum data transmission rate. 

[0006] The slave stations in the Bluetooth data transmission system may be in 

various operating modes during a Bluetooth connection. In addition to an 
uninterrupted active state, it is also possible for a slave station to be in an operating 
mode with reduced activity. In a state such as this, the slave station is not active all the 
time, but only at times - during a predetermined active time interval. It is then possible 
for only one data burst to be sent from the master station to the slave station within the 
predetermined active time interval during the reduced activity period. If, for example, 
the access code in the data burst or response data burst is not identified, either by the 
master station or the slave station, and no further interchange of a data burst and of a 
response data burst without any errors takes place between the master station and the 
slave station within a predetermined time-out interval, either, then the Bluetooth 
connection is terminated. In the case of Bluetooth data transmission systems with two 
or more slave stations, connection interruptions between the master station and the 
slave stations can therefore occur relatively frequently. 
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Summary of the Invention 

[0007] The object of the invention is to provide a data transmission system 

which is based in particular on the Bluetooth standard but in which better connection 
stability is achieved between the master station and at least one slave station. 

[0008] According to the invention, this object can be achieved by a method 

for transmission of data between a master station and at least one slave station in a 
data transmission system using a time slot method, in which the slave station is 
addressed repeatedly by the master station in order to transmit data or other 
information acknowledging the existence of the connection to the master station, by 
the master station sending data bursts to the slave station, comprising the following 
steps: 

[0009] - identifying an operating mode of the slave station in the existing 

connection, and 

[0010] - responding by the slave station in accordance with a time addressing 

scheme which is dependent on the identified operating mode of the slave station. 

[001 1] The data can be transmitted in accordance with the Bluetooth standard. 

The time response can be carried out such that an operating mode of the slave station 
with reduced activity is identified, and the number of data bursts sent by the master 
station to the slave station in an active time interval for the slave station is then 
increased. The slave station can be addressed a number of times successively by the 
master station in the active time interval as a function of the time slots which are free 
in the active time interval and the time slots for response are chosen variably. The 
method can be used in digital cordless communications systems or in computer- 
controlled entertainment systems, in particular computer-controlled games systems. 

[0012] The object can also be achieved by a data transmission system, in 

particular a Bluetooth data transmission system, comprising a master station and at 
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least one slave station between which data is interchanged, and in which the master 
station addresses the slave station, which has various operating modes, continuously 
repeatedly to transmit data or other information acknowledging the existence of a 
connection, by sending data bursts to the slave station, wherein a time addressing 
scheme with which the master station addresses the slave station is dependent on the 
identified operating mode of the slave station. 

[0013] The time addressing scheme can be designed such that, when the slave 

station is in an operating mode with reduced activity, in particular a sniff mode, the 
number of data bursts which are sent from the master station to the slave station in an 
active time interval of the slave station is increased. The time addressing scheme can 
also be designed such that, when the slave station is in the active time interval of the 
mode with reduced activity, the slave station is addressed repeatedly and successively 
by the master station depending on the free time slots in the active time interval, and 
the free time slots for response can be selected in a variable manner. The system can 
be used in digital cordless communications systems or in computer-controlled 
entertainment systems, in particular computer-controlled games systems. 

[0014] A data transmission system according to the invention, in particular a 

Bluetooth data transmission system, has a master station and at least one slave station. 
Data bursts are interchanged between the master station and the slave station using a 
time slot method. The slave station is in this case addressed by the master station in 
order to transmit payload data or other information to acknowledge the existence of 
the connection. The slave station may in this case assume different operating modes in 
an existing Bluetooth connection. 

[0015] According to the invention, when a connection exists, the operating 

mode of the slave station is identified, and the slave station is addressed by the master 
station in accordance with a time addressing scheme, which is dependent on the 
identified operating mode. 
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[0016] The advantage of the data transmission method according to the 

invention is that better connection stability and thus a reduction in the probability of a 
connection termination between the master station and the slave station in a 
connection can be achieved, since the slave station can now be addressed on the basis 
of the identified operating mode and as a function of its characteristic (for example 
active or deactive time intervals). The time addressing process is preferably carried out 
such that an operating mode of the slave station with reduced activity is identified, and 
the number of data bursts which are sent from the master station to the slave station in 
an active time interval of the slave station is then increased. This makes it possible not 
to unnecessarily terminate the connection between the master station and the slave 
station as the consequence of single or repeated non-identification of the access code 
in the data bursts which may be sent from the master station to the slave station or in 
the response data bursts which may be sent from the slave station to the master station. 

[001 7] It is also possible to provide for the slave station, when in the operating 

mode with reduced activity, in particular in the sniff mode in the Bluetooth data 
transmission system, to be addressed more than once successively by the master 
station, depending on the free time slots in the active time interval, within an active 
time interval during a period of reduced activity. This allows increased connection 
stability to be achieved between the master station and the slave station which is in the 
sniff operating mode. This also allows synchronization to be achieved between the 
master station and the slave station. 

[0018] The data transmission system according to the invention may be used, 

for example, in short-range cordless communications systems, such as cordless 
telephones with two or more mobile parts. A further application relates to the 
interchange of data between a computer and peripherals, for example a mouse, a 
printer and a scanner. 

[0019] Advantageous refinements of the invention are specified in the 

dependent claims. 
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Brief Description of the Drawings 

[0020] The invention will be explained in more detail in the following text 

with reference to the drawings, in which: 

[0021] Figure 1 shows a layout of a data transmission system according to the 

prior art, comprising a master station and a slave station; 

[0022] Figure 2 shows a schematic illustration of the time intervals when a 

slave station is in a sniff mode; and 

[0023] Figure 3 shows a schematic illustration of the interchange of data 

bursts and response data bursts between a master station and a slave station, with the 
slave station in various operating modes, according to prior art; 

[0024] Figures 4a, 4b show a schematic illustration of the interchange of data 

bursts and response data bursts between a master station and a slave station, with the 
slave station according to the invention. 

Detailed Description of the Preferred Embodiments 

[0025] A known data transmission system (Figure 1) has a master station B 

and, for example, one slave station Ml. The master station B can transmit data bursts 
by radio to the slave station Ml. The slave station Ml can likewise transmit response 
data bursts by radio to the master station B. A sequence of data which is transmitted 
without any interruption is referred to in the following text as the data burst or 
response data burst. In the data transmission system which is illustrated in Figure 1, 
and which is referred to as a pico network, the master station B and the slave station 
Ml each have transmitting and receiving units. 

[0026] The slave station Ml may be in various operating modes during the 

time period of a Bluetooth connection. For example, the mobile station Ml may be in 
the active mode or else in the sniff mode. 
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[0027] In this case, the expression active mode means the operating mode in 

which the slave station Ml, which is referred to as the slave in the following text, is 
continuously involved in the communication in the pico network, that is to say without 
any time interruptions. The slave is in this case addressed periodically by the master 
station B which is referred to in the following text as the master. The periodic 
addressing of the slave by the master results in the slave being synchronized to the 
communication channel. The expression sniff mode means the slave operating mode 
in which the slave is not continuously involved in the communication in the pico 
network. The sniff mode is thus an operating mode in which the slave has reduced 
activity. When the slave is in the sniff mode, it is always active only for a specific time 
interval D sn iff < T sn ifr within a fixed time period T sn ifr (Figure 2). The slave can be 
addressed by the master only in this time interval, and is treated by the master as an 
active slave. The arrow in this case symbolizes the slave being addressed once by the 
master. 

[0028] Figures 3a and 3b show the communication between the master and 

slave during different operating modes of the slave. Figure 3a in this case shows the 
communication between the master and the slave when it is in the active mode. The 
master addresses the slave within the poll interval T po ii- Addressing in this case means 
the sending of a data burst from the master to the slave within a time slot that is 
provided for this purpose, and is represented by an arrow in the direction of the slave. 
The poll interval T pon for an existing Bluetooth connection indicates that time within 
which a slave which is in the active mode must be addressed at least once. The master 
may address the slave more than once within the poll interval T po n, but only a single 
response is guaranteed. The response gives the slave the opportunity to send its 
payload data as a response data burst. If there is no payload data, the slave sends a 
response data burst to confirm reception of the data burst that has originated from the 
master. If the slave has correctly received the data burst from the master, it thus in 
each case responds with a response data burst. This is represented by an arrow in the 
direction of the master. The time slots for transmission of the data burst from the 
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master to the slave, and of the response data burst from the slave to the master each 
have a duration of 625 |is. A Bluetooth frame is in this case formed by two successive 
Bluetooth time slots, and thus has a time duration of 1.25 ms. The poll interval T po n 
may, for example, be defined to be six time slots, that is to say 3 frames. As is 
illustrated in Figure 3a, when the slave is in the active mode, it is normally addressed 
regularly by the master with the repetition time period T po n. 

[0029] When the slave is in the sniff operating mode (Figure 3b), the master 

can address the slave only during the slave's active time phase D sn ifr (Figure 2). The 
active phase in the sniff mode is in this case, in the exemplary embodiment, six time 
slots N sn ifTattempt = 6 and thus, in the example chosen here, lasts for the same time as the 
poll interval T po n. 

[0030] In the prior art for Bluetooth data transmission as illustrated in Figures 

3a and 3b, the operating mode in which the slave is operated is not identified, and the 
slave is therefore addressed only once by the master in the time interval T po u when the 
slave is in the sniff mode. The slave which is in the sniff mode is therefore also 
addressed only once by the master in the active phase D sn ifr in the entire sniff time 
period T sni fr. In the example, the sniff time period T sn iff covers 24 time slots (Figure 
3b). 

[0031] Since, when the slave is in the sniff mode, it can be accessed only once 

in each sniff time period T sn ifr, the slave in the example can be accessed only twice by 
the master within a time period TO sup ervision which is referred to as the supervision 
time-out of a link supervision timer. The link supervision timer is in this case a 
monitoring instance for the Bluetooth connection, which monitors the existence of 
connections in the pico network. This connection-related timer is restarted whenever a 
data burst is correctly received by the slave and a response data burst that has been 
sent by the slave is correctly received by the master. If no such response data burst for 
a specific connection is received within the supervision time-out TOsupervision, it is 
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assumed that the Bluetooth connection between the master and the slave has been 
terminated. 

[0032] The Bluetooth specification stipulates that the sniff time period T sn m 

must be shorter than the supervision time-out TO sup ervision. In the example, the 
supervision time-out TO sup ervision covers a time period of 34 time slots. 

[0033] Thus, when the slave is in the sniff mode, the master in this case 

addresses it only once during the active phase D sn iff of the sniff period, and thus only 
once in each sniff time period T sn ifr. The slave is therefore addressed only twice within 
the supervision time-out TO sup ervision of the link supervision timer. The supervision 
timer is therefore triggered even when the master or the slave does not identify the 
access code in two successive response data bursts or data bursts, respectively. The 
connection between the master and the slave would therefore be terminated simply as 
a result of the access code for the data burst or the response data bursts not being 
identified twice. 

[0034] As an exemplary embodiment of the invention, Figure 4a shows the 

communication between the master and a slave in the active mode, and Figure 4b 
shows the communication between the master and the slave in the sniff mode. When 
the slave is in the active operating mode, then this operating mode is identified, and 
the communication between the master and the slave takes place in accordance with 
the schematic illustration. In the exemplary embodiment, this corresponds to the 
communication, as illustrated in Figure 3a, between the master and the slave when it is 
in the active mode. 

[0035] If the slave is in the sniff operating mode, or the slave changes from the 

active mode to the sniff mode (Figure 4b), then this is identified by the data 
transmission system. In this case, the addressing of the slave once by the master in the 
active mode is increased to the slave being addressed by the master 3 times in the sniff 
mode. The guaranteed number of data bursts which are sent from the master to the 
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slave within the time period T po n is thus increased when the slave's operating mode 
has changed. The additional data bursts which are sent from the master to the slave in 
the sniff mode are sent in the free time slots that are positioned in odd-numbered 
locations within the active time interval D sn ifr of the sniff time period T sn ifr- 

[0036] In the exemplary embodiment, these additional data bursts are sent 

from the master to the slave in the third and fifth time slots. If these data bursts are 
received correctly by the slave, then the slave sends response data bursts to the master 
in the free time slots 4 and 6. 

[0037] It is also possible to provide a situation in which the free time slots 

within the time period T po u are not all used for transmission of data bursts from the 
master to the slave and for transmission of response data bursts from the slave to the 
master. 

[0038] For example, it is possible to provide for the data bursts from the 

master to the slave to be sent in the free time slots 1 and 5 within the time period T po n 
and for the response data bursts from the slave to the master to be sent to the master 
within the free time slots 2 and 6 within the time period T po ii- The maximum number 
of data bursts which are sent from the master to the slave may be half as great as the 
total number of free time slots within the time period T po n which is available for data 
transmission. Since the number of data bursts which are sent from the master to the 
slave within the time period T po ii of the active time interval D sn ifr, that is to say the 
number of times the master addresses the slave, is increased, this also increases the 
probability of at least one response data burst being received correctly by the master. 
The probability of the link supervision timer being restarted within the supervision 
time period TO SU pervision thus also increases, which means that the connection between 
the master and the slave is maintained. 

[0039] When the slave is in the active mode, it is also possible to provide for 

free time slots within the time period T po u to be used for transmission of data bursts 
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the active mode. 
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